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本实验室所制备的单抗 13D4 具有广谱中和活性，能有效中和 41 株不同遗
传变异亚系的 H5N1 病毒代表株，在禽流感的防治中具有广阔的应用前景。本研






另外，本研究还通过分子模拟的方法，得到了抗体 13D4 Fab 片段以及
A/Ck/HK/Yu22/02（H5N1）HA1 的三维结构，并通过 Fab 分子依次与已有晶体
结构的 3 个 H5 亚型 HA 以及模拟的 HA1 分子进行对接，预测单抗 13D4 可能
结合表位为：由 13 个Glu112, Lys113，Ile114, Pro118,Ser120, Ser121, Ser123, Lys161, Arg162, 
Ser163, Tyr164, Asn168, Lys255 不连续氨基酸残基组成的构象表位。还利用分子对接
结果分析 H5 亚型禽流感的广谱中和表位和，综合单个 Fab 分子与 4 个 HA 分
子的对接结果用于寻找该单抗识别的 HA 抗原表位，用于寻找与抗原良好契合



















Highly pathogenic avian influenza (AI), one of syndrome disease caused by 
influenza A virus H5N1, has recently spread to many countries by the migratory birds. 
It severely led heavy loss of national economy in these countries, and even caused 
fatal disease on human. Study on prevention and treatment of avian influenza has 
aroused extensive attention. Neutralization antibody becomes one of effective means 
to contral virus disease.Because avian influenza virus mutants frequently, especially 
in the hemagglutinin gene, most H5N1 mab only neutralize narrow spectrum of virus. 
Our research group has indentified a strain of broad spectum neutralization 
antibody, named 13D4, which binds to 41 representative strains of H5N1 virus from 
various clades. In this study ,a easilyscaled -up and high-effective process with low 
cost was established to purify 13D4 and F(ab)’2 fragments.The purity of final product 
was about 99% and the recoverity rate is about 60%.All the test ruesults fulfiled the 
requirements of PHARMACOPOEIA of PRC. 
 In this study, the vapor diffusion technique was used to crystallize 13D4 Fab 
fragment, and sigle crystals suitable for X-ray diffraction were obtained in some 
conditions after screening and Optimization. 
The structures of 13D4 Fab fragment and HA1 from A/Ck/HK/Yu22/02
（H5N1） were modeled by homology modeling. Then 13D4 Fab was subject to dock 
with three HA structures found in PDB (PDB ID: 1jsm, 2ibx and 2fk0) and HA1 from 
A/Ck/HK/Yu22/02（H5N1）. The binding patterns between the antibody and the HA 
were analyzed according to the docking results. The binding pattern of 13D4 Fab with 
the 4 HAs was used to search the broad neutral epitopes which the antibody binding 
to and the interacting polypeptideslocated in the antibody which may be made use of 
the reference of the anti-virus drug. The polypeptide located in 13D4 Fab fragment is 
Gln27-Thr28-Ser30-Gly31-Leu52- Gly54-Ser55-Asn57-Thr100-Thr101-Ala102-Val103. 
 


















aa: amino acid, 氨基酸 
AD: Antigenic determinant, 抗原决定簇 
AI:  Avian Influenza,  禽流感 
AIV:  Avian Influenza Virus,  禽流感病毒 
CDR:  Complementarity Determining Region,  抗原决定簇 
CH:  Constant Region of Heavy Chain,  重链恒定区 
CL:  Constant Region of Light Chain,  轻链恒定区 
Da:  Dalton,  道尔顿 
ELISA:  Enzyme-Linked ImmunoSorbant Assay,  酶联免疫吸附测定 
HA:  Hemagglutinin,  血凝素 
HI:  Haemagglutination Inhibition Test,  血凝抑制实验 
HPAIV:  high pathogenic avian influenza virus,  高致病性禽流感病毒 
IFA:  Indirect immunofluorescent assay,  间接免疫荧光检测 
kD:  kilo Daltons,  千道尔顿 
mAb: monoclonal antibody 单克隆抗体 
MAP:  Multiple antigen peptide,  多抗原肽 
MW: Molecular Weight, 分子量 
NA:  Neurominidase,  神经氨酸酶 
NLS:  Nuclear Location Signal,  核定位信号 
NP:  Nucleocapsid,  核壳蛋白 
NS:  Nonstructural,  非结构蛋白 
ORF:  Open Reading Frame,  开放读码框架 
SAS:  Solvent Accessible Surface,  溶剂可及化表面积 
WHO:  World Health Organization,  世界卫生组织 
VH:  Variable Region of Heavy Chain,  重链可变区 
VL:  Variable Region of Light Chain,  轻链可变区 






































































图 1-1  流感病毒的结构 
Fig. 1-1 The structure of influenza virus 




































表 1-1 流感病毒蛋白的功能 
Fig.1-1 The function of Influenza A virus proteins 
RNA 编码蛋白 已知功能 
4 HA 结合受体；融合细胞膜和病毒以感染细胞 
6 NA 切除细胞的神经氨酸防止病毒聚合； 
7 M1 影响基因组以及核传输；协助病毒颗粒组装 
 M2 
组成四聚体作为离子通道；为 HA 在高尔基体中合成
以及病毒去壳提供低 pH 值环境 
5 NP 核蛋白(衣壳)并且病毒合成 
  转录酶复合物 
1 PB-2 基因帽端结构组成部份，转录酶，毒力决定因素 
2 PB-1 RNA 接触反应聚合酶的组成部分 
3 PA 病毒 RNA 聚合酶的组成部分 
8 NS(non-structural)  
 NS1 转录后 RNA 控制；抑制干扰素 
























































图1-2  流感HA蛋白(HA)的三维晶体结构 
Fig.1-2  The crystal structure of the HA 
(摘自Wai Lan Wu, Yixin Chen, Pui Wang,et al. Antigenic Profile of Avian H5N1 Viruses in Asia from 2002 to 
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